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ABSTRACT 
The experiment was carried out at the nursery of Forest and gum Arabic 
Research Centre during 2013-2015; to investigate the effects of application 
of fresh dry goat manure and dry leaves (litter) in nursery potting mix 
medium, on growth parameters ofAzadirachta indica seedlings as a 
model.The potting mixratios components used were; clay (Goraira), coarse 
sand, fresh dried and milled goat pellets, and dry falling leaves collected from 
different tree species. Seven treatments of mix ratios were prepared and laid 
in a Randomized Complete Block Design (RCBD) in three replicates. The 
variableindicators measured were,seedling height, number of leaves and 
branches, and diameter. Data collected were subjected to Analysis of 
Variance (ANOVA) and the means were separated by LSD at 5% level of 
significance. Results obtained indicated that seedlings growth performance 
was low in control TrA (pure Goraira) compared with other ones with goat 
manure.Positive influenceof growth parameters showed a significant 
difference R² = 0.801 in week two. In week twelveTrD(sand, goat manure 
and leaves in ratio 1:3:3 respectively), showed a high value in terms of leaves 
(41.0±3.8) and height (35.3±2.7cm) comparable with the control (TrA)leaves 
(16.1±4.5) and height (25.2±1.9 cm) and the other five treatments. The results 
showed that goat manure and litter application significantly affected the 
measured growth parameters. Significant difference was shown in weights of 
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containerized seedlings(40.7%) between TrA (5.3± 0.5 kg) and TrD 
(3.2±0.5kg). Based on the findings it could be concluded that goat manure 
mix seems to promote growth performance of A. indica seedlings; and gave 
light weights ofcontainerized seedlings. Thus, it is recommended for 
production of seedlings in nurseryto useTrD mix specificallyin desert regions 
devoid of clay soils (Goraira), such asNorthern Kordofan, North and White 
NileStates. 
Keywords: Organic manure, goat manure, plant growth performance 
1. INTRODUCTION 
The Sudanese economy largely depends on natural resources 
productssuch as; crops, horticulture and recently forest wood and non-wood 
products. Most of the horticulture and forest trees are produced as seedlings 
in nurseries. However the availability of quality seedlings at lower cost offers 
ample scope for large-scale planting hence putting efforts on quality seedling 
production offers scope for sustainable agriculture. Nursery is pre requisite 
for producing quality seedlings in lesser input and nursery management is a 
potential tool to execute the activity in successful means.  
Clay soil is commonly used as sowing medium although the mix of 
clay and sand in ratio of 1:2 respectively, but rarely used. Clay soil alone or 
too much in a mix hinder development of seedlings and stimulate damping 
off. Recently raising seedlings plants in polythene containers in nurseries 
become a common practicewhere, the survival rate of seedling increased 
under unfavorable conditions.The commonly used containers in nursery are 
30 cm or 20 cm long and of 20-10 cm diameter, filled with sowing medium 
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of approximate weights of 5.3-2.0 kg respectivelyand left for 3-4 months 
under nursery. For plant growth, nutrients such as; nitrogen is essential for 
leaf growth, phosphorus promotes flowering, fruit production and root 
growth; and potassium promotes root growth and balances other plant 
nutrients. Leaves are known to make quick and easy compost by being 
chopped, grind or powdered for direct use and; most leaves when decomposed 
are alkaline with some exception ones that are acidic, and can be used on acid-
loving plants. Generally, fertility of soil and specifically sandy ones are poor; 
and adding chemical fertilizers continuously to soil eventually reduce soil 
biological activity (Soderstrom et al., 1983). 
Recently animal manure fertilizer was shown to offer short and long 
term benefits; it provides essential nutrients required to grow healthy plants, 
and is environmental and health friendly. In addition, adding organic matter 
to soil, improving microbial activity, water drainage, overall soil structure 
andrich in plant nutrient especially N and K content (Nwankwo, et., al. 2014). 
However the main advantages of goat manure it supplies high quality organic 
matter, helping to feed the diverse community of beneficial soil organisms 
which are essential for healthy soil and plant growth. The recovery and reuse 
of organic waste materials for agricultural purposes as raising seedlings in 
nurseries; is necessary in view of the high cost of imported chemical 
fertilizers and their adverse effect on soil and plants. Recently (Sailaja, et al., 
2007) work on (Coleus forskohlii) and (Miller, 2004) work on Dalbergia 
sissoo seedlings in nursery showed, growth had increased with increase in 
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organic manure combination that indicates higher dry matter accumulation 
and better growth performance. 
A few years ago, in Sudan the types of manure available for use were 
cow, poultry, horse and donkey, manure but now days manure of goats and 
sheep is becoming a hot trend in urban farming, although few research data 
are available on the value of goat feces or manure. Goat manure is found to 
be the best animal manure for producing healthy plants; it is drier than cow 
manure or horse manure, has fewer odors, is easier to work and compost more 
quickly. For gardening, goat manure can be used naturally dry, in pellets state, 
stored or directly applied as mulch, organic matter, fertilizer, or to increase 
the water holding capacity of the soil medium; and goat feces do not attract 
flies or breed maggots (The C: N and C: P ratios of the goat manure were 
found to be below the cut-off ranges for decomposition of organic materials 
and release of N and P; suggesting that goat manure could decompose and 
release its N and P more readily. Moreover, the chemical analysis revealed 
that goat manure is higher in nitrogen than cow manure according to Ohio 
State University Extension (Tables 1 and 2). However it was been reported 
that goat manure (GM) significantly increased growth and yield of some 
vegetables and crops as okra and maize in southwestern Nigeria, and was also 
found to be an efficient source of N, P, K, Ca, Mg and organic matter for 
pepper production (Awodun, et al., 2007).Nevertheless a good potting mix as 
was stated by workers, must be well drained of an air filled porosity of at least 
15%, rewets easily as some peat and bark media are difficult to re-wet if they 
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dry out. Moreover it does not shrink away from the side of the pot as it dries, 
of optimum weight; not too heavy to liftand not as light as to blow over 
easily.The availability of plant nutrients is considerably affected by soil pH 
where; calcium, potassium, magnesium and sodium as alkaline elements are 
lost with increasing acidity whereas; phosphorous is more available in acidic 
soil conditions. It was reported that goat manure pH is typically neutral (7.0) 
to alkaline (7.5) but once applied to soil, decomposition processes may 
temporarily acidify soil, but regularly manure fields commonly have near 
neutral pH (Khaddar, et al., 2009). Suitable pH, between 5.0, 6.5 and 7.0were 
found to be satisfactory for most plants(Aileen, 2015). Others considered that 
the ideal soil pH is close to neutral, and neutral soils are considered to be 
within a range from a slightly acidic pH of 6.5 to slightly alkaline pH of 7.5; 
and most plant nutrients are optimally available to plants within this 6.5 to 
7.5 pH range, plus this range of pH is generally very compatible to plant root 
growth (Jensen, 2010). However intensive applied research is needed in 
standardizing nursery techniques such as; optimum size of seedling stock, 
type of potting mix, nutrient requirements, different sources of locally 
available nutrients etc.The work conducted includedcomparable tests of 
different ratios of organic and inorganic materials effects on seedling growth 
performance parameters as indicators; and determines the optimum seedlings 
with light weights andpotting mix suitable for transport of large number of 
seedlings from nursery to plantation sites. However determination of potting 
mix other than the commonly used ones; will perform a shift from importing 
Journal of Faculty of Sciences - Volume No. 5, December, 2018 
 
 [181]  
nursery potting mix that will increased cost and decreased availability such 
as sphagnum, peat moss (Table 7), and stops misuse of clay (Goraira) and 
river banks. Therefore the study aims to assess and determine the usefulness 
of using organic manure such as leaf litter and goat pellets for production of 
forest tree seedlings in nursery. The immediate impact of positive output 
generated is to explore the feasibility to use dry goat pellets as organic 
manure; and provide alternative sources of potting mix medium specifically 
in regions indemand of clay (Goraira). Irrespective of the enormous manure 
production potential, very little amount of available animal manure is being 
utilized for seedling production in nurseries. Moreover there is a scarcity in 
research information on use of plant residues application alone or with goat 
manure to raise seedling in nurseries. However the choice of growing 
medium, along with container type, is of a critical decision that must be made 
when establishing a nursery. 
The objectives therefore were, to investigate the effects of direct use 
of dry leaves litter of plants and goat pellets manure as organic supplement 
with soil (clay or sand) mix, to avail feasible potting mix for nursery use; and 
to produce high quality plantable size stock seedlings with ease and light 
weight for transport, using Azadirachta indica seedlings as a model. The 
objectives are; to investigate leaves litter of trees and goat pellets manure with 
soil (clay or sand) mixes; to avail feasible nursery potting mix; and to produce 
seedlings of high quality plantable size with ease and light weight for 
transport.  
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2. MATERIALS AND METHODS 
The experiment was conducted at the nursery of forestry research and 
gum Arabic Centre in Soba during the period Aug.-Dec.2013-2015 (two 
seasons). Planting containers are polyethylene plastic bags of 20×30 cm, 
filled with clay soil and; weighed dry and then after irrigated before 
transplanting of the seedlings. The components of the potting mix used were; 
clay (Goraira), coarse sand, dried and grinded goat pellets, and dry falling 
leaves collected from different tree species. Seven combinations of mix ratios 
shown in table (1) were used as a potting mix medium; the whole set were 
weighed; and the control of the experiment is clay soil (Goraira). Azadirachta 
indica nursery seedlings of 8-weeks age were transplanted in prepared 
polyethylene contain\ers (20×30cm). Growth performance parameters; 
diameter, number of leaves, branches, survival; main lengths of roots were 
determined once weekly for 8 and 12 weeks.The pH measurements were 
determined by the official methods adopted by the Association of Official 
Analytical Chemists (Kalra, 1995)in distilled water or 0.01 M CaCl2 in 1:1 
and 1:2 soils: solution ratios with electrolyte solutions. Chemical analysis of 
the mix (goat: leaves and sand) was analyzed at Khartoum university soil 
laboratory (Table 5). Total shoot and root dry weights were determined after 
being separated, put into labeled paper envelopes on the oven- for 2 days at 
70°C to obtain dry shoot and root samples. 
The experiment was laid out in the nursery by adopting Completely 
Randomized Design (CRD) with three replications. Randomly selected ten 
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seedlings were used fromeach treatment in each replication for recording the 
observations. Growth parameters; diameter, number of leaves and branching, 
survival; main length of roots in media mixtures will be also analyzed and 
recorded. Data were taken once weekly for 12 weeks.The data obtained on 
each parameter was subjected to analysis of variance (ANOVA) to asses the 
effectiveness of the various treatments tried and expressed at 95 per cent 
confidence level. Data was analyzed using the QIMacros-Student software. 
3. RESULTS AND DISCUSSION 
Tables 1, 2, 3, and 4 showed the chemical analysis of nutrients of goat 
dung from different sources, all showed the avail of adequate nutrients 
required for plant growth. The preliminary results showed the weights of mix 
combinations were significantly different, where; the null hypothesis p<0.05 
was rejected due to differences in variances for both weights of mixes before 
and after irrigation (Table 8a and b). Average weights range between 
3.8±0.25 for dry media and 5.24±0.50 kg for irrigated one (Table 8b) without 
seedlings. As a model Azadirachta indica seedlings of 8-weeks age grown in 
the nursery were transplanted in various potting mix ratios.In the first week 
no significant difference was shown between the different mix ratios in 
growth parameters (Table 9). In the second week slight differences in height 
and number of leaves were observed in various mixes (Table10). Many 
studies conducted found no significant difference between goat dung manure 
and N P K Mg, and goat dung manure competes favourable with N P K Mg 
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(Imogie, et Al., 2007). They concluded that it can be used as alternate source 
of fertilizer for raising Raphia hookeri seedling in nursery. Similarly the result 
obtained in table 5 showed the chemical analysis of the TrD mix of sand, goat 
dung (pellets) and leaves in ratio 1:3:3 respectively;with a high C:N ratio and 
the other required nutrients. Inweek 8,all growth performance parameters in 
potting mix ratios showed significant differences compared with control (Fig 
1). After 12 weeks TrD showed high value (41.0±3.8) in leaves and branch 
(3.0) numbers compared to other mixes media ratios.This indicates a high 
seedling growth performance (Fig 4), and better over all height growth was 
obtained with sand, leaves and goat dung, followed by leaves and goat dung 
ratio (1:1). Increase in seedlings height in response to increased levels of goat 
manure mix ratio could be attributed to availability of more nutrients released 
in mix (TrD: 1:3:3).  
Hence goat manure and leaves sources, significantly influenced the 
production of leaves/shoot after 8 and 12weeks; that are consistent with the 
results obtained by Bergmann, et al., 1997) work on Ficus infectoria and 
(Prasad, et. al., 2007) works on different forest tree species. Similarly (Miller, 
2004) observed that Dalbergia sissoo seedlings growth had increased with 
increase in organic manure combination, which was indicated by a higher dry 
matter accumulation in seedlings. After 12 weeks the result showed high 
significant differences (P<0.05) in responses of the seedling growth 
parameters to the different ratios of goat dung mix (Table 11).The means 
square analysis of variance for the average number of leaves per seedling 
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showed high significant effect (p<0.01) of goat manure. In conclusion 
seedlings raised in the potting mix containing goat manure their growth 
parameters were found to perform better than the others without goat manure. 
The result of the simple linear correlation between total dry root 
weight and other plant characters indicated, total dry root weight had positive 
significant correlation with other plant characters as the levels of goat manure 
increased (TrD).This leads to the increased performance of the plant growth 
parameters measured as well as with increased vigour. Similarly (Joy 
Nwakaego, et al., 2011) work on Sweet Potato (Ipomoea batatas (L) Lam) 
indicated that increased vigour led to increased total dry root weight which is 
also a function of yield. Total dry matter of seedlings in various treatments 
showed that highest response in terms of biomass accumulation was seen in 
the seedlings in potting mix TrD (6.03g) and TrF (6.13g). The obtained results 
are due to the higher growth attributes of height and production of leaves (Fig 
2) hence more photosynthetic mechanism whereas; seedlings in potting mix 
devoid of organic components show low biomass accumulation. Similarly 
(Tiwari and Saxena, 2003) observed that Dalbergia sissoo seedlings growth 
had increased with increase in mix with goat manure, indicated by the high 
dry matter accumulation in seedlings. Collar diameter was positively 
influenced by goat manure and was increasedafter 12 weeks in response to 
highest dose of goat manure in TrD. Similarly works of (Rao and Singh, 1985) 
on Albizia lebbeck and (Anil Kumar, et., al. 2012) on Grevillea robusta 
confirmed that collar diameter, plant height and leaf production were 
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positively influenced by organic manures with application of Goat manure, 
Pig manure followed by vermin-compost at higher doses.The sand used acts 
similarly to other materials such as perlite and vermiculite in improving 
drainage adjust density and /or alter water holding capacity.Measurement of 
pH at termination of the study (Table 12) showed significant differences and 
that; all potting mixes with organic manure haveneutral pH (7.0) to slightly 
alkaline (7.7); that are in consistency with the range of pH standards and 
moreover,it was not considered a limiting factor as had been confirmed by 
(Miller, 2004) work in propagation systems. Similarly all growth parameters 
used as indicators showed that slight excess in alkalinity TrA (8.32) has no 
negative effects on seedling growth parameters (Fig.5).The calculated 
percentage difference 40.7% (Table 13) between weights of TrA and TrD at 
the termination of experiment adds more support to the recommended potting 
mix TrD hence; the containerized seedlings are lighter in weight that make 
easier handling and transporting. According to the results, it is recommended 
to use potting mix of sand, dry grinded goat manure and leaves in ratio 1:3:3 
respectively for production of feasible and light weighted containerized 
seedlings in nursery (Azadirachta indica as a model) 
Table 1: Manure nutrient concentration calculated from data in ASAE 
Standards D384.2, 2005.Values for sheep manure and goat from MWSP, 
2004. 
Animal type Nutrients concentrations 
N P2O 5K2O lb nutrient/T manure 
Dairy cow, lactating 13.2 5.2 3.7 
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Sheep or goat 19.5 22.3 23.5 
 




C:N C:P C N P K Ca Mg Mn Fe Cu Zn 
    g-Kg-1 Mg.Kg-1  
7.5 3.1 10 63 250 26 4 46 7 121 48 73 76 37 
Source: MnkeniI and AustinII.( 2009) 
 
Table 3: Chemical Analysis of goat organic fertilizers  
Parameters pH C/N OM N P K Na Mg Ca 
Goat dung        6.38 62 4.8 1.26 16.36 2.29 1.67 1.90 3.40 
 
Table 4: Standard mix nutrient concentration percentages 
Parameters pH N% Na C:N% M.C% 
Manure mix  5.0-6.0 0.70 1.0> 17-29 20 
 
 
Table 5: Chemical analysis of MixTrD  
Parameters C: O % N% P% K% Mg% C:N% M.C% 
Goat mix 23.85 1.23 0.37 1.35 0.96 19.43 7.35 
 
Table 6: Average weights of potting mix combinations (Mix ratios) before 
and after irrigation  
Mix Type Weights in kg 
TrA TrB TrC TrD TrE DrF DrG 
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Mix ratio combinations 
Goraira 1 1 - - -  1 
Sand - 1 2 1 -  - 
Goat 
manure 
- 1 2 3 1 1 - 
Leaves - 1 2 3 1 2 2 
 
Table 7: The increased cost of growing media in the past 4 years. 
(Courtesy of Sun Grow Horticulture) 
Component or Additive Price Increase (%) 




Composted bark 24 
Wetting agent 8 
 
Table 8: (a and b) Null Hypothesis p<0.05 was reject for both weights of 





Median 3.85 3.7 3.5 2.4 1.7 1.7 
Mean 3.97 3.74 3.52 2.38 1.76 1.71 
Variance    0.098 0.043 0.028 0.011 0.007 0.005444 
n 10 10 10 10 10 10 
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D f 9 9 9 9 9 9 
Test 2.909      






Median 5.2 4.65 4.55 3.25 3.5 3.45 
Mean 5.25 4.63 4.52 3.44 3.47 3.46 
Variance    0.023 0.025 0.02 0.26 0.002 0.005 
n 10 10 10 10 10 10 
D f 9 9 9 9 9 9 
Test 4.417      
p 0.002      
 
Table 9: Average records of growth parameters for the first week 







44.686 6 7.448 1.534 .182 
Within Groups 305.900 63 4.856   
Total 350.586 69    
Height Between 
Groups 
115.050 6 19.175 1.507 .190 
Within Groups 801.650 63 12.725   
Total 916.700 69    
 
Table 10: Average values of growth parameters for the 2nd week  
 Diameter (cm) leaves No. Height (cm) Branch No. 
Median 0.305 5 18.2 0 
Mean 0.33 5.5 17.9 0 
Variance    0.004 3.9 1.92 0 
n 6 6 6 6 
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d f 5 5 5 5 
Test 3.585    
p 0.032    
Variances are different hence null hypothesis was rejected(p < 0.05) 
 
 





































Fig 1: Growth performance parameters  in potting mix 
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Table 11: ANOVA null hypothesis was rejected (p < 0.05) (Means are 
Different) after12 weeks  
Groups Count Sum Average Variance 
Diameter 53 157.85 2.978302 1.272068 
Leaves number 56 546.6 9.760714 25.50461 
Length 56 1077.5 19.24107 8.165737 
Branch number 8 8 1 0 
Source of Variation SS d f MS F 
Between Groups 8025.811 3 2675.27 235.723 
Within Groups 1918.017 169 11.34921  
Total 9943.828 172   
 









































Fig 2: Growth performance parameters vs potting mix 
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Table 12: pH average measurements for the ratios mix 
       Null Hypothesis was rejected(p < 0.05) (Means are Different) 
Groups Count Sum Average Variance 
Data1 21 164.27 7.83 0.05 
Data2 21 84 4 4.2 



























Fig 4: Root dry weight (g)of 
seedlings in nursery for 12 weeks
Source of Variation SS Df MS F P. Value F critical 
Between Groups 153.41 1 153.41 72.18 0.00 4.085 
Within Groups 85.02 40 2.13    
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Treatment mix ratios 
TrA TrB TrC TrD TrE TrF TrG 
Goraira 1 1 - - -  1 
Sand - 1 2 1 -  - 
Goat 
manure 
- 1 2 3 1 1 - 









































Treatment potting Mix ratios
Fig 5: pH measured values for potting mix ratios after 12 
weeks
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Fig 8: Root development in various mixture medium after 12 weeks    
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4. CONCLUSION 
The experiment showed that goat manure supplies plant nutrients to the 
potting mix and has a significant role in improving and ameliorating soil 
physical propertiessuch as water holding capacity. The result indicated by the 
growth performance parameters of Azadirachta indica seedling in nursery (a 
model), confirms that, direct use of fresh dry goat manure has much scope as 
nutrient source and as a soil ameliorant in nursery seedlings, supporting its 
importance in improving poor sandy soils. Hence it can be used in nurseries 
using imported mixes, such as Sphagnum peat moss, vermiculite, and perlite, 
and nursery plant growers should consider more local components as manure 
and plant leaves fresh dry or composted. This will affect many aspects of 
nursery culture and other cultural practices, specifically in regions lacking 
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